Abstract. In this paper, an analysis on nonlinear dynamics of a simply supported functionally graded material (FGM) cylindrical shell subjected to the different excitation in thermal environment. Material properties of cylindrical shell are assumed to be temperature-dependent. Based on the Reddy's third-order plates and shells theory [1] , the nonlinear governing partial differential equations of motion for the FGM cylindrical shell are derived by using Hamilton's principle. Galerkin's method is utilized to transform the partial differential equations into a two-degree-of-freedom nonlinear system including the quadratic and cubic nonlinear terms under combined parametric and external excitation. The effects played by different excitation and system initial conditions on the nonlinear vibration of the cylindrical shell are studied. In addition, the Runge-Kutta method is used to find out the nonlinear dynamic responses of the FGM cylindrical shell.
Introduction
Functionally graded material are new engineering composite material, which are being widely applied to large space station, shuttle, aircraft, automotive and many others in recent years [2] . FGM are microscopically inhomogeneous composites usually made from a mixture of metals and ceramics. By gradually varying the volume fraction of constitute materials, their material properties exhibit a smooth and continuous change from one surface to another. One of the advantages of using functionally graded materials which consist of a mixture of ceramic and metal is that they can survive in the environments with high temperature gradients, while maintaining structural integrity [3] .With the increasing use of FGM cylindrical plates in engineering fields, research on the nonlinear dynamics of the FGM cylindrical shell plays a significant role in applications. Shen [4] has proved governing equations of FGM composite plate based on Reddy's higher order shear deformation plate theory in the thermo-mechanic-electric environment. This paper focuses on research on the dynamics of a simply supported at the four edges, FGM cylindrical shell subjected to the in-plate and transverse or point excitation in the uniform thermal environment.
Material Properties
Generally speaking, most of the FGM are employed in high-temperature environments and many of the constituent materials may possess temperature-dependent properties. It is assumed that the plate is made from a mixture of ceramics and metals with continuously varying such that the top surface of the plate is ceramic rich, whereas the bottom surface is metal rich. Material properties Ρ, such as Young's modulus Ε, coefficient of thermal expansion α, can be expressed as a function of the temperature.
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The effective material properties Ρ of FGM can be expressed as t c b m
Where subscript t and b, respectively represent the top and bottom surfaces of FGM cylindrical shell, V c and V m are the ceramic and metal volume fractions and add to unity. The metal volume fraction V m is defined as
Where power law exponent N is a real number that characterizes the metal variation profile through the shell thickness. From Eqs. (2)-(3), Yong's modulus E, coefficient of thermal expansion α, the mass density ρ and the Poisson's ratio ν can be expressed as
Equations of motion
According to the Reddy's third-order shear deformable plate theory [1, 5] , the displacement field of the FGM cylindrical shell is assumed to be 
Based on the nonlinear strain-displacement relation and the above displacement field, we obtain 2 0 1 2 
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Where a comma denotes the partial differentiation with respect to a specified coordinate, a super dot also implies the partial differentiation related to time variable, the stress resultants are as follows 
It is to choose suitable mode function to satisfy the first two modes of transverse oscillations and the boundary conditions for cylindrical shell, therefore, w can be denoted as 1 
The transverse excitation can be represented as
Where F1 and F2 represent the amplitudes of the transverse forcing excitation [5] .
We neglect all inertia terms on u, v, φ x and φ y in Eq. (7) and substituting Eq.(10) into Eqs. (7a), (7b), (7d) and (7e), we obtain u, v, φ x and φ y with respect to w. applying Galerkin's method yields the governing differential equations of transverse motion for the FGM cylindrical shell as follows: 
To consider the influence of the quadratic terms on the nonlinear dynamic characteristics of the FGM cylindrical shell, we need to obtain the second-order approximate solution of Eq. (12). The obtained nonlinear ordinary differential equations can be solved by use of the fourth-order Runge-Kutta method.
Numerical Simulations
In the following investigation, the fourth-order Runge-Kutta is utilized to numerically analyze the motions of cylindrical shell subjected to complicated thermal and mechanical environment. This paper explored the nonlinear vibrations of FGM made of silicon nitride (SI 3 N 4) and Stainless steel (SUS304). The material properties can be calculated using the data obtained from Wang [6] .
The geometric parameters are L=0.6m, b=0.3m, R=5m and the total thickness of the shell h=0.0015m. Here only transverse displacement of cylindrical shell is discussed. The coordinate system is located in the middle surface of cylindrical shell. Model of FGM cylindrical shell subjected to the uniform transverse excitation is shown in Fig.1 , moreover, the model subjected to the point load is depicted in Fig. 2 . Compared to the uniform transverse excitation, the point load greatly increases the oscillation amplitude of cylindrical shell. Fig. 7 and Fig. 10 describe the dynamic curves with initial conditions B, the transverse excitation and the point load also respectively intensify amplitude, the farther point position from the coordinate system's origin is, the greater oscillation of cylindrical shell relatively is. Furthermore, initial conditions play an important role in promoting the oscillation amplitude of the cylindrical shell.
Conclusions
Nonlinear vibrations of cylindrical shell subjected to transverse excitation and the point load are investigated respectively. The material properties are assumed to be temperature-dependent and change continuously throughout thickness of the shell according to the power law function. Meanwhile, influences of initial conditions on the nonlinear vibration are also analyzed. It is clearly shown that the kinds of excitation have great influence on the oscillation amplitude of cylindrical shell. The farther point position from at the coordinate system's origin is, the greater oscillation of shell relatively is. With the increase of initial conditions, the oscillation amplitude of cylindrical shell evidently increases. The vibration of shell is extremely sensitive to initial conditions.
